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aJ* JaolI — oLuil c-Ljjjfi — (JjVl 


Introduction dn^hn 


!! a Jin jf^jj Ingj jnj fi j_o j±5t azinj n alio jillszL Ur lng.JD O.JI fll p.lszJ J.£i 
!! jisznlsLD jjuiiJjj/g jjuiJLAJiijI lir O.J15 f^lll jn jlh! olnglszn dij! ^g 



\ a q\ 4aA\Aj ti]Ajc« 4JLLuaj ( ^A]| ^Aa 2I (jLuiC- !? 4 j] 

(^V C ip> j t 4_£A^a 4 _aj^>c. jaluoj Lalj (t ajj£j ^A AaJjj jA&j 

Citpjju^ ^ AjlLtla] AuS <^1] dLLj^a *\U\& aK -Jlxll ^ a^j\x^ 

1^j3 Caj! Lr UI 4^|^1 jj ^Aa 2I 4-Ui^ c fluaftl] <jjuU ljjuj AjIAj Lx] LuiU 

^CjvLuajdl &LluiI^ <. atLuj£l CjIaILj ^^j-o£j^jj£]'V&A V^] (jl <d]^Al ^)AAl 

^Ll A*ij j! tA^. ^gic. (jdaJ jjJLJ Lai CjL[^ C_i*_JJ J-iAaJ3JA C_li£ 

. ^Ac- (JjL jdl ^j-a 4 jjIj L_a n^s" (j^-o ^Aa _^]a 4_a^ l*_-a ^Ac- 4_-al*AI CjLu^dl 


(Jjajj£ u—UJ^ UdljA. l^.llSj Jal AjI AA j c^J SaUJI A-uxAl UAj£ 

J£ui]L A-aj]*-a dj| Jplj AjAIj jt*^]| ^ dia^jA a A 

IaLj^A ^A]| Cjlfl-U-laAl] ^A.1 ^A (J-uajj Lo AaA SjA]| t SaLA] <jjJa-uiil ^j-o lAnA 6A^ ^jLuiC- 


Conductivity "■ ii tag ■ 11 


4_L^a j^q insulator 4_L^aj^a 4 _aj^£]| jj ^ uj.\*\ l^Aju^i L)^^ Al^dl 

c ( (j-uUJ) (jj) 4_Lua^ (3* j-a jLj ^ LjaIj a^ JaluA Ljj^ j] ^^Asu (conducting 

. ^L^]| (j£j j 4_Lt^aj-a ^)JC. ^A IaI ^a]j ^]j 

! -jA\ i(J^uajJJ (^A ^jxj c dLuA|| ^Aj fiA a ^l I w ^-a LJLlLuaJ ^A 

^)A5l ^jLuiC« ^ 4_ijlj c_9J^)la jA-a ^ 4 n» <a L_9j^)la (J-ua jj j£axi ^A ! 4_^Jj-ual! 

Laij ^)-aJJ JSl (J-uaj-a A^> laiuAA La] 4 j] ^ ? ^)Lj 4jI ^ UJ ^ajV (jlLuajAJ-a Vj jLj (J-uajAJ ^^A 

. ^)-aJ V jLllI (J-uaj^a ^JJC- 4 -laluA 
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aJ* JaolI — eLuii c-Ljjjfi — (JjVl 


Electric Current ^yahll jLjlUI 

_j (jm L5j (b5 j^£J) jlull 5^ui (jls ^Uaili liLL . CjUjjjSJV IS 4-sjLj^-SJ! jA 


J! (J-uajA ^_9jJa (j-Q CjU 9 jA jljul! .^3^3 ^ ^uJI (Ja 

!>VI cijUt 

JsoLoj :uo free electrons SpJI CiUjjjiSVI c> Lg>^ 6 Conductors ji! 

. l$_DLk ^c^a! 4_a31^ (jIjIaaIaa 3 333^ L < 'y 3* 


!3j j >^ ljU$> 1£J1 jA jUUl jjj-a Ji jIuiaH !ljUjjjH) Iqj\j j ^ Jtj-aJt !! 4 _uj! 


<Luj^ CjUjjjSI) j Sp, CiUjjjSJI < ; P*J 


^aoj Vj LJvLuSJA^ dLluu) ^Uj JjVI tilitj-uj LJjlpj J jtutej cIa! 

S)3 J£ji 


Atom Structure ajiiJI I 


c 3^ 



Valence electron 

isiJs 

Shells 

OUjylS^! 

Orbiting 
electrons 

sijjji 

Nucleus 

=JLe>jLi 

dJ JLai* CJ Ujj ajj 3 


(ja oj£ILs lgj| JaaiUA 


^mJjLlIo lZjUjjjjjj ^ 4-Lp^a lZjLjjjjjJ .' SI3 


^4iUa]i Clljjl JLq l^-Aualj Cj!jIAa]| ^ l CiUjJjSlIj 
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Energy 


aJ* Jadll — oLluil c-Lj^jS — (JjVi 

Energy Levels — cjlJg p^JVI £ kb <mLlL1I sLl*JI — AiUalt >. \ 

^JjILj K,L,M,Nlgj***m US Energy Levels AiUall CiLjl^a ^ tgJ S>3 :Vjl E E ^ 
.. tiSfcj \ A jl A ddLJl j A j Y JjVI (^>^-^1 LjUjjaSJV 1 

jjJ f^uul S)11I ljjSVI <jl CLp. S;IaC- A-iS-dal) SUaJt c?) c5^ 4^UaJ) ljLjIuia ^ j£ij (jSa^ :LjIj \>. Y 
J-uajj La J^Vuj SL^Jtj AJ&Ua (jjjjShft La JS j OjSijj 

(jLaS AiOa l_luuSI jJ ojjjilVI ^Ij Valence Level jat£Ul A-uujUj ^Ij jfouulUI 

! J* (JJ^ 


Energy gap j 
Energy gap j 


etc. 


(lT*> j UJI 3J iHjJ I lS^Xwjuo) lS^uoO jii I 

Valence level (outermost shell) 

jJljJI j5^JI 

Second level (next inner shell) 
Third level (etc.) 


!! ^juul La (JIaijV 1 L)^ 

Lg^^-oxi J) (JA JuL (jLiiC. (jjjjUVi ^jV 

JaaL jLk; Energy Gap J) l^L-uj AilL ^ u*nSj 

A9j3 ^11) (_£^luixi 


I 


Nucleus 

0 I 3 JJI 


(^1 (jjj (J-tfaill LJMJ I Alp 

J) 4 _a 31^ Al Ua L-U La) jA 6 ^jjj jluua 

Forbidden Band Ac^ixud) Aiilaixd) Igjxua n (j-^^) <*—i 9 ^) Aiilaixd) ^jLLc. .Ajl^a (J^aj La) 

AiUa Clluu£) jJ &.i£j j S)ii) ^ ljLjjoSJ) Valence Electrons Jatillt L^-uwa ljLjjoSJ) :1511j LLY 

j . jLH) J^ajj SjIa2)j Jj-uajI]) Aiku ^ CiLjjaSJ)) (jtA£Bandgap Energy t^-4^) 

Ud'V jj^xd) jjfjd ^-)jj) V (J IgfljUrf'Vl ^j£xaJ jj^xd) 


Unable to reach 
conduction level' 


AJL^J^ Jji 
insulator 


Energy 

Conduction band 


E e > 5 eV 


Semiconductor Aiua^a 4-ui Conductor A-Laj-J) SjLU) 


1 | M 

Valence band 

Insulator 


Valence 
/ electrons 
bound to 
the atomic 
stucture 


L^Jj LaLaJ (jLjlC-Lil<a 

AiUal) (j-<a Ijl^. 

ja\£jJ) cjLjjj£J) 


Electrons 
"free" to 
establish 
conduction 


Valence — 
electrons 
bound to 
the atomic 
stucture 


Energy 

Conduction band 

-© e © e 

I NI I 

Valence band 


Semiconductor 


(jL.^C'Ln'd (jj3iL]aixa]) 
j-L^j Jal£jl) CjLjjj£J) )ilj 
(JJ^U ^Sl Eg 4iUJI c> 


The bands 
overlap 


Energy 

Conduction band 

Valence band 

Conductor 


^j1"3. ^ Lu^flj jj-iU-, 

(jl 1^1 (j^Aj Ailla (Jalj 
( j*. ajJ&N\ 
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aJ* Jadll — oLuil c-Ljjjfi — (JjVl 


Eg TT large 
Diamond •■ E n = 2.5 eV 


Ge : Eg = 0.67 eV 
Si: Eg = 1.12 eV 
GaAs •• Eg = 1.43 eV 


Eg il very small 


eV QJgi JgjJLhJill 

CiijS \ JjS (jjj ^ A 1 “ JLuJt jA 

HZ = QF = (1.6 x 10 19 C)(1F) 


cg^lhlll 


LjUjjHii a ^ Sjji^ jfiiujj jiui^ S)iii 


| Valence Electronics gnIVi II CiUgjJLbJI 

^ {jiLuj (jl SjIaII LjjU dJlaij cS;ii] CiUjjj£JI ^ 

[JaS2 ljUjjj£J| A Jy^luudl 

A 4a3 c^luiAil J^aiisj) jSIuij jljiC. Jal£2ll ljUjjoSJVI ^,l\n S^lLuoa — \ C^a 

(CjUjj^JI 

4aaAIuuj JsjIjj ^ t t Vj Jj^ CjUjjj£J| t Jl ^ Wn V : t Ujj£ 

ljUjj^JI A 4a3 ja^fl c^l-utAll J-o£j ^jLuiC- ljUjjj£JI l-i>uu£j SJjlLuoa : V — 0 ^>4 


( V 4-luuIa^ — IV 4a£-Lj — III Ajj^j ~ II ^LajUj) SjUII Jal£j ^^iil jA lAJ-lCj 


(Jj3 U^)-uaU*JI Aau J 
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aJ* Jadll — oLuil c-Ljjjfi — (JjVl 


III IV V 








Boron 

(B) 

Carbon 

(C) 



* 

Aluminum 

(Al) 

Silicon 

(Si) 

Phosphorous 

(P) 

P 


Galium 

(Ga} 

Germanium 

m 

Arsenic 

(As) 




# 




6J ^>4 41u3^a]| 4-lu< >uaUxil I : Jt»u< 

|^ry : c^P — \ y * > \\\\f Q _ jj^T^ 


Covalnt Bond 4 _u^Loj iajjjjj JajjJb 

Coualent Bonds m naimill JajIgjJI 

. A (^jIujj IaJsKj A ljIjJ Jajjlj ^A 

A lA-bC- ^Sjlj I^uoAjj (ljUjjKJI 1 jo^VI lA.bC^ L)J^ 114 ^ >U-a ^-JU 

A lA-bc- ^yLy l^uiijj ^ jo^VI c^luiAit ^ U.UC') S)ij 


1 Jb UIj ^£bua (jilt b jik^j j!j| <jiaju Jbl ufi b^jjjjil Jj5j (j^ao-KV t 8;ifi 

. UK jSlubj ljUjjKJI A Ijj &1J& Uj 2 -i^lj J£ 


JSl£Ul A-iC-bj AIajuj g^uaj^dl qmA j 

t Jl ^ t J) Ja^j U I^JjSjj 4 ojU £)j$Ajua S;iJ ^jjjj ljUjjKJI i I^j lA xt Sp 

! UK j2lubj I^j A U.UC' ^Ljj 
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aJ* Jadll — oLuil c-Ljjjfi — (JjVl 


jljjjj^J) £ l&Juc- 5p 


\ / 

Si 

/ \ 


j Covalent 

Bon ^ ^ % # 

^ Si Si 

^ # % 4? ^ # 

Si Si Si 

^ ^ ^ ^ ^ ^ 

Si Si 


^ ^ // % 


S^Aluui ^jIla S)j 

^j-aJ CjU 

^ 4Jaj-ui ^ ^ ^-uj^}AA^ 


Covalent AaaaLuuj cJji 

Bonds 

4 a£j (jj^iLiuj ^jaLgIc- 


Intrinsic Silicon ^iiiJI jg** ■ 1 ■ 1,111 


Silicon Crystal 
intrinsic Silicon 

f ij-^k UjZAl^) A-lAj 4JtLuuj^ (j j£jj c4 j^ALuoj Jajljjj (jiaxj 4Jajjj^ ljJj j 5 )Li£- ^ 

V Ig-jt j^ull intrinsic Silicon!^lu^l o^ajj (c£>*I j^aU^ (^1) l-ajIjAI! <ja 4-JU. 

^ ^ ^ ^ 

S'. , Si 

^ // % # ^ ^ 

Si Si Si 

^ Sfc. // % // % 

Si Si 
// % // ^ 

! Spr ljUjjjSJI tfl V (jikall (j£i£ jAufl d)|^ 4^jJ AaCj 

Freeing Electrons CjUq >. Y 

<j-a JaIL (jljic. j Valence Band<^^H ^ CjUjjj£JVi uj^ AjaaIuuJI 

^-Ia^aj jl£ Conduction Bandji Jl jj^jaj *5^^ 

|^ry : r^r|2 jry frnrrfp rrrr^ §3 ^ lM ^ryTn fn rr^f) A 9 FI 
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aJ* Jadll — oLuil c-LjjjS — (JjVl 


thermal energy AiUa Sjj^ 4 Jl 4 j.il ^4 4 iUa]| Jjiiuy (jUi&j t <jjjl 



^ // % // 

1 Si Si 

// % // 

Si V Si Si 

// ^ // % // % 

/ Si Si 

Hole ^ ^ # %. 

i) £fJ*L3 


Holes ).? 

hole ^5^-3 ^ 4_Laj]j ciljjj L_fl^ua 4_jli 4_jl^o La .lie* 

4_jli CS"^ LS^J 

^ jjjjilVi ^jaul recombination 

.<Lk^i 


t3 t2 J tl CjUa^HI JU£> 4 LLt-a cJjjjj. i±^ 


f=t 1 

e ^ // ^ # 

1 S' ,Si 

^ V 0 % // % // 
^ 4 # \ // % 

y Si Si 

Hole" # % 4? %> 

r = r 2 

%//%// 

Si Si 

%'/%//%// 

Si _ Si Si 

// ^ // ^ 

Si 2 Si 

// ^ // % 

r = r 3 

^ ^ // 

Si Si -x 

% jr % // // 

Si Si Si 

//%#%//% 

Si Si 

//%//% 

1 

2 

3 

4_jl^Xi C_jLuUJ J)J^j| 

l> £b USJ^' cs* cs%^ 

iJ J cr^ JJ^' 

Hole 

(_£J Scj'Sflll ^Laj JL&Lui] (jj Ajll 

JUiU (jj»ajll (j-o ^\j 


5^3 4jLuj ^-111 ^_Luali 

(_£^ ( —3 



SjzA 4_jl^a ^_Lual ^jolI 
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aJ* Jadll — oLuil c-LjjjS — (JjVl 


: ^j| ^SvIjA ? ^jj 3 SpJlJI £JJJ dlillj5 

j 4j \\ JLauJ) (ja <jjjVTn Lj|^d&it 


JIaALS (JA tijjVnj ljjI£ ljUjjjSJVI IaIjj 


<jl (Jj-lij CjUUjVI ^ 

<j^*j ^j-u£lc* jjjjV I j holes current Cj[pi jUs j electrons current cAjjjjill jLa 



0 1 oAili 1 ) Lo 

» V H 


in intrinsic silicon <^11 <jj£AuJi uli ^ 

J-IC* = $pj( LjUjjoSJV I JJ& 

$p?J3 4j[&} ^ LLuJ-L/ (^jj)jj£j) LiO'i* &Jj 


Cjjpjjll jijic. j (Sp Cjbjjj£J) .^^1 Jja) LJ a*j) CjUjjj£JVI ^i_u 


c^' u£A^' ^ 


n, = n 

i : stand for intrinsic 


V 

Cjj_pA]| ^jic. 

n-p 
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aJ* JaolI — oLuil c-Ljjjfi — (JjVl 


Bandgap Energy jjjjJI aeUa 

iij v _ r aill JgiuJLjLuJI ^ uIiLigjJLfiJill 3icg 

■■ ■■ 


(jjlL-ol! yu^\ jjc. V 4-j) Ua^c. (Jj 5 tLo>l£ 

Bandgap Energy (J^Lujj 4illa 4iLjax2) ^ c > u/^" CjUjjj£J) ^^Iuj S^Ljjj 

^j^AluJ! ^ ejzJI CjLjjjZJVI jjc^ djbjj CjUjjj£J! jjb^ ^ iu*tj Lu> — Eg = 1.12 el/ XL* jjZAuJ}^ ^f- 

cs^t 


/ Jull U 0^i\*u2t S^Jt ljU q ££JVt JJC> ljLui^> > . t 

number of free electronics in intrinsic silicon 


jj c* £-LL 4 jIjastjj]) (jc* aJjIuuJ! (ji S^JI CjLjJ&JVI i £jJ 

. (_y^ cj-^y ^}. 


JJC 


Cjjjj ^^Jau T j| < p21 - u - l *-^ > ^-2 t S^JI CjUjjjilVi JJc- a^xj lin^. 

SjljV^'l CjIj 1 JJc- JjjjA 


Ui oc T 

U Ciil) U JS Bandgap Energy(Eg) jjpal 4 ^ 1 Lu 2 ! 4ilkll 4 j^ C5 ic. :l<u*2a L-kaJ j 

^ Eg (_£jLuij 4^Ua]| 4_ial^ 4_ixi^ I 4 L<ajj& (j-^ (Jal ^11 jjc- 

Hi OC Eg 


r ^u 2 t SjaJt JjU 9 Jj£iy I jjP 4J^1 jlx 2 IjL-^a jj £.LAxJ! jja CjLoijIx-aIIjj 


JJ c* I (_jC- ^ IKi J) LhJjytiJ) ^I Ti — Tii CjLjjjZJVI JJ c* cJjS) LoJ 6^ J*j cJJiluuJI ^3 

r ^Ji^ cjij^i/ jt cjbjjjZiyi 


n, = 5.2 x 10 15 


3 

T 2 e 2 kT 
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— dl>Lua oLlui! c-ljjjS — (JjV 1 


•jl C 


T 

Temperature (Kelvin) (°/Q 


k 

Boltzmann constant 

k = 1.38 x 10“ 23 J/K 

E g 

Bandgap Energy 



) f&j JILa (Ja. 


Xic* s^J) Cjlj jjj£ 1V I j! ^vUa 


n t = 1.08 x 10 10 electrons/cm 3 

@T = 300 °K 

n t = 1.54 x 10 15 electrons/cm 3 

@T = 600 °K 


Ajal^ ^^uJ) ^ CjLj6^ L_9^l Jlic. JJ ^ V9 6*^ ^>11 ^—9^1 jjlc. L_lla 


V V 5 lU«j5 


(J^LuUJ r ^uJI jj^AluJ) Cjlji JAxJ 4_jjUjj ciljl Jjj£ V 9 jA 6^9 ^_9j*J (jLuiC- 

St atoms number in cm 3 = 5 x 10 22 atoms/cm 3 

(JjAJ (jlg-lAXO 6^ (jLulC«J Cj]jHI ^A*J 4_Luu11j 111.1^ ^)J* AS\ ^a9j CjliI >1x9 (jl 6^ ^}]| Cy* 

. 4_Luaj-a 4 _Lui S^Lo ^A IajI c4_Ll^3j-o S^Lo (jj^iLiuJl ^Ac. 


Question : at room temperature number of electrons density in intrinsic silicon 
wasn, = 1,08 X IQ 10 eJ^ctrmLsJcrn^. find the number of holes density 


For intrinsic silicon n = p = n^ 

So number of holes density p = n t = 1.08 X 10 10 electrons / cm 3 
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aJ* JaolI — oLuil c-LjjjS — (JjVl 


Modification of Carrier Densities 
(«Jlg_>dJI - OUgjJLfaJjll) CiliaiuJI cub Lib Jjaal 


^jiiLua jaa jjjt as* 5^1^ 4_^jj Aic. ^ SpJI Cilj1 (jl Lis^c- ^lia j 

^jLuiC> 4_j| (J-acJ L-uJa 

^ljUjjj£JI jLu) jUlil J-ufljj (j^A^a SjIaII SpJI iuLjjjSiyi ljJjJ j] (jl Ja 

jLj) jtull J-usjj (j£aa SjLaSI djij^Ji! J-IC* ljJjj jj cUajjj 

4-luoUi^. cjiLoj doping ~j* 3aj 4 jLc. J-^xj intrinsic AjUI 4_L^a4_iji SjLJI 4-iLu^ajj S^L)! <aUa1j 
extrinsic 4 jaj jjc. ^u^ajj Jal£jl! 4 jjvIj j! jac- Jal£jl) 


... cs - ^ JIxj 4-laLuUJ taA 4 j) 


intrinsic silicon ,J&j1\ \. o 


.Sp. Ciljjjj£i! ^jiij 3 ^-LUb j Cjjjj 4 _iaa Luii Jaj(jjfLj 


Intrinsic Semiconductor 


Covalent 

Bond 



Valence 

Electron 


n = n t — p uj^ 
up — nf 

extrinsic silicon \ .1 

impurity lSj^ doped (J\ J& jj^Aiuo jA 

extrinsic ^ j) intrinsic^ *1^ 

apJI CjIjjjj£JVI AAc. j j SpJi Cili 1 AAc. <jjj 4 i 0 lc. Askjj 

n*p = nf 
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aJ* Jadll — oLuil c-LjjjS — (JjVl 




L£) AsUaH ^ CjU 

jjSl ujAiUa]| ^9 C_)li 

UaiII Aaa&LuJ Jajjjj 

^ ^j-oJ AiaALuU (J-oauA P 

(Sj^i LS jxJj ojj^' 4_^aiU u^J 


// % // 

Si Si 

^ //%//% // 

Si B Si 

// % / 0 % // % 

Si Si 

//%//% 

^ ^ ^ ^ 

Si Si 

^ 

Si P e Si 

^ ^ ^ ^ // % 

Si Si 

// % // % 

Aj^-uJl 4_12 l^ 0 (j^£j 

A W i all AllLuJ 

positive 

negative 

p-type 

n-type 

AiLukx^]) Cjjjj jjic. ^_£^Luoj 

j^iujCjlji (_£^Luij SpJ! CjU^jj£1V1 

Acceptor Number (cjUjjj££)IU aL&uuJI) 

p = N a 

Donor Number (ohjJ&lL AilJaJ! 

n = N d 

Cjjj'sflll Ail (jVj 

CjUjijj£JV 1 (j-G AiL-tfa^ll Cj|^m jV) 


(lU^VI ^ji dulS ^gil! 

np = nf ujitat (> cjUjjjUVI 

np = nf u^' l> ^ 

N 5*|a? 

II 

"el»- 

II 

e 

2 2 
nf nf 

P n N n 

Majority Carriers: holes 
Minority Carriers: electrons 

Majority Carriers: electrons 
Minority Carriers: holes 

p > n 

n > p 


Extrinsic Semiconductor 


Silicon Crystal 
A/ a Acceptors/cm 3 


Silicon Crystal 
N d Donors/cm 3 


Si Si 

^ // ^ // % // 
Si B Si 

// % 'oV^ // ^ 
Si j \ Si 



. p-Type 
Free / Dopant 

Majority Carrier (Acceptor) 


Si Si 

^ // % //_% // 

Si P e v Si 

^ ^ //i% V * 

Si / Si\ 
n-Type s' Free 

Dopant Majority Carrier 

(Donor) 
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aJ* JaolI — oLuil c-LjjjS — (JjVl 


Qjjg 11 n 

Cil;3 JJ& (j£Jj n = NJ) + 7 lf ree JjAJ (JAJjSLaI) jjiuujill qa 4iluX*2l Cahill JJ&- 

tl = A /[) 0Jja>j4 CulS tjUjjj^WI JLaAl (j£aj 3 10 * ^ — 10^ ulilj£i (jjSjj 

p = N A 

np = nf OjilS til*J 

np = riiTii = nf ujuaft J*aU jj£l 2 n = p = n t ci 4ialuuj ojiuLuiii 


n-type <JI ^ p <jfr n SjLiJ o^jUall Jjjjfa* luaJ ^ 

p-type Jt (J> n oft p 

np = n? 4 jV iilSjj 

jSlujj iji ( jHo1a (j&j jx- J23 o>aJl JJft ojLjj <U1 Jjj 

recombination Lu3 

i—LLuJI Q*ajl dlijj 4 SpJI CjLjjjj£JV I JJfr Jaj JX ajLjj 

jjloJ axuj-p pjjla 0 j_uJI pUaJ 

ugj. (jjLiLui Jia tjj gl jJliLui jgiiJ jiuxn) juja JiiJ 

(vSa ij2L ^jill) John 0 j_in nnjln -I 

j ■ ! m n jim g ^j iIq li n Q ■ ■■■ 1 1 j j | m n g ^_|l VS I I n IV n l I a ■ q ] j | [ m n ri n j I n 

(u cjjJI % _yh ■' ll il-i I mil 

jiu ri>r> ^ lr> cub pliala ■"■liii iniii pUl JjJ) jujaJI jailn d-aj_LQ -r 

(aj^sg Jgl j-o gjjkll ^j-dia 

IIIIIIIIIIILLjpii JxJIgiig Qbulj-a cuijjg 

TARGET 
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